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Oeneral imtegral relasions betwesz highefrequency SuseptbLIy 3 /by and
e toifficimm 7(" of w2e:rption are established for the CAss whery the curves »f
pareagmeLlc digpersl.n an: ADBOSE\ Gl arpress the Jep endence :f )(' e %" 2° the
mgutude of the epplied static flald F, These relations allow us, knewing )4\' (a),
L 2 BT X" (RY and viresverse, ey nay also be nsed for calibraticn sf Mierts
szual curves of dispersios and absorprlon. The reletions are verified by the axperie
poutAl ourves obbalned by various axthars for several fregquanciss,

secennees

Mutn texg)

Experimental investigations of paresagnetis relaxation do not glve in most casey
the absolute values of hi ghaLrequeney suscopiibility x' and the absorption coeffi-
clent )(\ *s Usually we cbtein as & resuls of Relsurements sbeorption and dispersion
curves whose ordisates are sxpressed in avAruy ralative wmits, This Limits the
Poseibility of comparing the results of variows segsurswents and causes dfficultien
in testing the theoretlcal conslusions o expsrimental data,

In 1947 Lo Do Landss suggested, 1a & shat, weing Kramers! rolaticas /™) 7 for.
ertablishing the absolute values of 7\' and )( Y These relatioms, as s invwn, ep-
tablish & general ecounsction betwesn /! and /‘(', considered as funetioms of the
frequency vV /iw) applied to the variable field: In nearly all cases, wlortusately,

«le
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PESTRIGTED
pxperiments of pafamagnatie relaxation are aondueted under gonditions whieh leave the
dependence of high~fraqueney gugoepyibility 7/' and abrerpticn caeffiotent \c i ypen
frequenay Y unknown. usually the dependoncs of ’)(l and )Q“ on the magnitude of the
applied atatia magnetlo field U, dleposed elther parallel or p&mcneumﬂ.gr to the varl=
shle magnetio f1.eld, are meagureds

We shall attemmt in the prosent article to expla’n hov Kramora! relatlons showld
bo moddfied in the oane whero the dependlonce of dleneraion and gbanrobien on the mafl=
pitude of the anplied nbabic field 40 Aigcugnad, Wo shall bepin our derdvation from
ghe gonoral wamreanion of complex nnrama;;net, i sungepbibillby [

N e ‘;\ \w v P \ o ")\"‘ i

ru,'.\
R

Hore Und, k) 48 tho wabrls oloment of bthe gomponent of the magnetle momont along the
dlroction of the varlable nagnotile £lokd, related bo WO sbutlonary stabos ni and kJj
Epy and Egy 0¥¢ the cnc:rpiw* ot thu paramagnetie particlo in these ptavosy b ¥ i,k

i By = gyl B l/..,... L T . The funcbion 3 V) 1g glven by

o . , ‘ ¥ » 1
}(\J ‘ lu‘l ’ pogt "; "L‘I\\'"' "\‘/\")“i"‘“ {\" ’ y':'\l)}“t“ ,,..?“}

where /7, \‘ charactorizos tho width of the aboorptlon line connccted with the
gransition ad 7 ke

The quanta aumbers n and k indicate groups of energy Lovels, the intervals be=
fween wilch arc comparable and hipgher than ¥r, The indices i and J indicate enorgy
lew 1 within oach £OOUP) separated from each other by intervals small in comparison
wi’oh kT, Usually & yariable magnotic field is produced by & radio=wave oscillators
hence, if n 57"k, then Y ‘4?.\\’.\.}9 and therefore e may assume f(Vm‘ )Y )ww 1.

pecause of this agsumption and also because of bthe {nequality WY\ \ \“' s we

haves /\dy\ b freertd ‘%\\ s 7(\_ 5
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L (2)
T A \“ ,\’\ ',:‘“ A

?‘\" ,,».:J"T.V, oo ‘
/ vk i HoL'\

fhe quantlby ?A - f\ p depends on the asplicd statle ficld H beeaust of the differencoe
of levels h ,!“;m!) entering the equation (2)e Tor the pake of simplificatlen we ghall
assume the depdndence of V, ““j an H to be Lineals Th 1e truc that the final eonclu=
alona arc not cunontlally attered without this samumption.

The relations obtained in the vork [17, av de known, nay be derived from the
fact bhat% ia an analytlcul funetion of Y that nosgesses no polad in tho lowor
nalf of the complex planve The Justificstion af this conditinn may caaily be confirmed
by the type of formila (L), [owover thie eondiblon Lo not aatiotied if we nonsider
}( as funetion of He Tho firat part of the comnlex sugoeptibllity ':,\1 consiote of an
analybical function of W, vospussing no poles in the upper hall of the complex planos
gherefore the following rolations between the real and the imeglnary parte of thibs
function will resulbe o

e Y g - ?ﬁ.‘\i“\‘} '{H
-}(‘ll(‘n‘ T'\\‘C' ~ ) e W .B B \\t ! i ,

e

(8a)
(3v)

fhe function X 2 possesses no poles in the 1ower half of the complex plane, and
4061 1

therefore o Vo N(Ht)
?(‘PL(H) - x’,’ ) é—lT‘--_—:-m d H,
Ao -
AAPH{ (ko)
HOy= - | X (D
y‘ 3 llm.m‘) = o
(ko)
- 3 -
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T+ 1o seen fyom (1) and (2) that l;( 2 = \)\ 2( .,),,,,,1/2( w0 ¥ p)e Taking
LA
this wnder consideratioen we oh’oain from (3) and (h)

et g

- - i - . ¢ L R
f\‘ b .:\ (H) = ‘,i S ‘ “ - {} by (5&)

o

Y
ne

+ -
%

(e =20 rl T (b)

If the function ? Nty (1) wore known in explinit form, the relations (5), sinllar to
Kramers! formulas, wmﬂ: 1 allow ue, While mowing . 1(H), to find n(y) and vieo=
vorpa, It may be erneladed from (3) and (L) that L‘c.;x- It varylng fr;m sere to lnfinlty
the fwnetden 2 iy " (E') Aecreasos monotonically from the value # (o) to wore. Nfbon

¢ "(O) ia ¢ ‘~a;1:l in comparisen with the values of \« nab i3 6. Therofore the "zero!
ah sorption on the rogonanse absorptlon curves 18 weually very omall in comparisen with
naximm absorphion in Lhe cuse where the pacillatorty [requoncy Lot y o . 107 eycles.
In guch oases the function 2 \“'20{) may be renresontod approximately almply by o
gbraipht line cutbing on the ordtxmtu the sorffielent of Mzero! absorption and coln=
ciding with the abeorntion curvemamdmg for large I

Tn the case of resenance absorption curves having congiderable igorot absorptlion,

we may proceed in the Pollowing Way. gavoyskly, Kozyrev and the author magprestod the
following formla /7371

"%/ Yo (T /) B )Y 1 -r ’“‘;‘é”lﬂ 3 e (6)

Here Y' = 5“ ‘} Vo 1_ Po g Lls the gyromagnetic factor; /( o tho magnotons %
in the right half widhh of the absorption cuxve. Because of the complexity of the
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phenomenan of paramagnetio gbsorption, W cannot, of 0ourae, expect that formda ()

w1l account for all the deteils of the cxnerimental ourVese We may aneumé, howaver)

T

thet bucause of the almpliodty of the funetlon 7("2(“) we oan &p‘proﬁmafaa it ln a

aatiefactory way WY the mecond pard of foymula (0)1 \
] ,
I & Voo .;;g,(":. ‘.,‘;:',»Ak",' |
2 Y 1, M(0) @ poo ik / e Tt ) \
We chould pemari that a muber of yritera ['14_7 wae for ;y; 0 g formula whieh differs \
from (6) by absanee of the sccend oxponantial pors and therefere has & dowbled coof~ \
pieiont, Thie apbreviatoed porrula in the eaee of with frequencies o Yoo dif=- ‘
fore from (6) only by wiving o A" doubly Lurga valucde In [ 5’_7 ghaolute measurce= i
menbe of !L‘i\"(H) wuroe memdngtod on eoppor gulteo and naNguneete The ﬁ}mt;rimmm.l cwWwrves \\
agreo smtj,s-.fnctori,ly Jueb wlih formnula (6) The inm‘:plicabil.ity of the abroviated \

pormula lv also soen in tho facht ¥ ab the abaorption connol, beoawue of connidorations
of symmobtrys depend on the alm of the applied mognetie felde It £n% aloo follows,
bhectuso function ‘\"(H) L8 even, Lhat for & field vending Lo nevo, the abporption
curve [ollows purallel b the weld of obuclonidt. Thio fact Lo rportant, vecause of l
the Qifficultlos sonneebod with sbaorpbion neaguromonts Por small values of i

The relations (5) are roduced by meand of simple gpancformations bo 8 form con= \
venient for g;r:mhical compubabions with the help of c;:pcrjmnbal curves glving the i

|

main values enboring in (5) 88 cauchy intograls. Wo obtaln
(ad o -

ol =R |
Xo™ Xv~ }‘\'(m = \ UMY (8a) \

where F(H) = y\“(i{) - 2)’\ "Z(H). puring the compubation process wo have to leep in
mind thot Fl)= - F(u) and % u) = 7(\‘ (=H)a zavoyskly A 6_7 was flrst bo sug=
gost & method of measuring the function )\ (1) at high frequencles. torobbained

=
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curves for v (i) and yo(H) in the cane of axhydrows manganene sulfate and vave=
Tangth equal to /7 .16 om, Temanev L 7 measwed % V(H) and & (1) fer a whele
gorlen of salte of clements of the iron preud at, louer iraquamiea (pr 66 and
217 om). Computarions showed patlefastory agreencnt between experimental ewrven and
formas (0)

In exder to cptablieh the pelation botween gbrorntion eurved and the value of
abatlo puacoptdlblli by, leh us anpué 4n (Ba) that y == 03 then we geb

[N B
e

Kom Np= AN AR (9)
The high=freguency sugeeptlbillty ,‘ 1(0) in clouo 4o zero whon the static mag=
notie {deldy at frequencies of o variaule Leld large in compariaon with the invcree
gine of relaxatlon, 41 oboonbs The value j'- p Lnbe ping (9) 4o in motit ousos conncetod
with the valuo of oplitting of the levels of the péwwmgxmbin particle in the inbor=-
erystalline cleetrie fields If thie gplitbing is large in gomnarieon with kT, we may
apsuge that | I b =g, This happons in many aomnonnds off elomonbes of tho 1ron provps
But 1f ‘the gplitting of levels by ghe olectric 101 of the eryatal L8 conmaroble to
kT, then J b moy make up conclderable pary of /\ Compubation ghove that for &
cosium ion in & #1614 of cuble aymnebry W have ;?‘\b et /R o’ and that in & fiold

e

rhombic symmetry nf ‘tho bype A(:’.2 =t :; - 252) the value of ){ b must bot \<\ ﬁ‘ 0"
Tvidently bo lurge values of 7& " aorresponds & comaratively émnll offect of para=
magnetie pogONANCS ahrorntion in alume and salby of rare ourth ¢lemenbse  In theso
gubstances the oboerved effect 1s connuchbud whth bransibions in only the ghrongly=
populated levels; bubt transltions potwoen levelss whose intervals sre comparable 1o
¥T, could bo observed only ab optic fraquenclese

In the work mentioned sbove [' h._7 b was experimen‘onlly csbablished for & number

of manganese and copper salts thab the area_'} under the abgorption curve is
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g = (/2 He? vhere H if the statie field ab maodimum Wi, Koryrev and 8ali=
khov 478_7 egtabliehed ag A result of thelr Lavestigations of paranagnetic peponance
abserptlon dn & whole serice of nmangancoe, chromium ond cepper palta that ;Qumaﬁﬁyg(g
. genotant, Thepe almpke emivical relations ave anproximate and may eaelly be ob=
galned from (2) Wy \ntopration of ﬁ:" with reencet to 1t At low frequencies and aleo

in the case of ewrves with several abaarptieon neaks, these velatlons becoma very ine

\
!
l
|
ascuratos \
papmila (1), Fron Jhleh we progeeded in eur veapening, 1o beaed on Roltzmann!s \
abatiaties, In applyiue 1t 4o Ehe eleebron par ve fernd 1t neceasary to intreduce \
the Fornl ALebribution funotlon, Jhlel hewever wlll nol offect the final conolusions}
gherefors rolotions (5) may b aanllod o sobale. Finally we should romark that in ‘
all our ferived Formulas by natable guacopblbl by g{p" we meant the purely paré- !
maygnoble park ol 14, Monee the paperinebek investipation of ~aramapgnotic absorption }
]
\

of metals may be gonsiderad an tnboreating mebhod of meaguwring ghe diamapnotion of

ghe cloetrop (s, Jaeovercd by Landaw [' 9;7.
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